In this paper, the stability of a class of time-delay Takagi-Sugeno (T-S) fuzzy Markovian jumping partial differential equations (PDEs) with p-Laplace and probabilistic time-varying delays is investigated, and the robust exponential stability criterion is obtained by way of some variational methods in Sobolev space W 1,p ( ), the Lyapunov functional method and the linear matrix inequalities technique. Moreover, a numerical example shows the effectiveness of the proposed methods due to the large allowable variation range of time delay.
Introduction and preparation
Given a complete probability space ( , F, P) with a natural filtration {F t } t≥ , where is a sample space, F is σ -algebra of a subset of the sample space, and P is the probability measure defined on F . Let S = {, , . . . , N} and the random form process {r(t), t ∈ [, +∞)} be a homogeneous, finite-state Markovian process with right continuous trajectories with generator = (π ij ) N×N and transition probability from mode i at time t to mode j at time t + t, i, j ∈ S, P(r(t + δ) = j | r(t) = i) = π ij δ + o(δ) if j = i, and P(r(t + δ) = j | r(t) = i) =  + π ij δ + o(δ) if j = i, where π ij ≥  is transition probability rate from i to j (j = i) and π ii = - where w(t) is a standard one-dimensional Brownian motion defined on the probability space. p >  is a positive scalar, ∈ R m is a bounded domain with a smooth boundary 
du(t, x) = ∇ · D(t, x, u) • ∇ p u(t, x) -B u(t, x) + C r(t), t f u(t, x) + D r(t), t × g u t -τ r(t), t , x dt + σ u(t, x), u t -τ r(t), t , x dw(t),
. Here,
The T-S fuzzy mathematical model with time delay is described as follows.
Fuzzy rule j:
where ω k (t) (k = , , . . . , s) is the premise variable, μ jk (j = , , . . . , r; k = , , . . . , s) is the fuzzy set that is characterized by membership function, r is the number of the IF-THEN rules, and s is the number of the premise variables. For any mode r(t) = i ∈ S, we assume that C ij , D ij are real constant matrices of appropriate dimensions, and C ij , D ij are real-valued matrix functions which stand for timevarying parameter uncertainties, satisfying
By way of a standard fuzzy inference method, system (.) is inferred as follows:
where
is the membership function of the system with respect to the fuzzy rule j. h j can be regarded as the normalized weight of each IF-THEN rule, satisfying h j (ω(t)) ≥  and Next, we consider the following information for probability distribution of time delays τ i (t) for all i ∈ S:
Here the nonnegative scalar c  ≤ . Define a random variable as follows:
So, in this paper, we consider the following delayed Takagi-Sugeno (T-S) fuzzy Markovian jumping p-Laplace partial differential equations (PDEs) with probabilistic timevarying delays:
where  ≤ τ i (t) ≤ τ i , τ i < τ i (t) ≤ τ i , and C (t) is the Bernoulli distributed sequence, satisfying P(
Here, E(C (t)) denotes the mathematical expectation of C (t). Note that the global existence of the solution of system (.) was investigated in [] . To study the stability of (.), we need to assume
. . , n, and
j , ∀j = , , . . . , n, and r ∈ R. (A) There exist positive define symmetric matrices i , i , i such that
i ∈ S. (A)τ ki (t) + l∈S π il τ kl (t) ≤ a  <  for any mode i ∈ S, and k = , . In addition, one can assume that u =  is a trivial solution of PDEs (.) provided that B() = f () = g() = . For any mode i ∈ S, the parameter uncertainties considered here are norm-bounded and of the following forms: Lemma . Let ε >  be any given scalar, and M, E and K be matrices with appropriate
. . , p n ) be a positive definite matrix, and v be a solution of system (.) with boundary condition (.a). Then we have 
Main result
Proof Consider the Lyapunov-Krasovskii functional V (t, i) = V i + V i , ∀i ∈ S, where
It follows immediately by Lemma . that u
From (A), we have |f
Further, we can apply the Schur complement [] to (.), and derive
From the Dynkin formula, we can derive that e βt EV(t) -
× ; R n ) and any system mode i ∈ S, the solution u(t, x, φ, i  ) of system (.) with the initial value φ satisfies 
By using Matlab LMI toolbox, we solve LMI condition (.) and obtain t min = -. < , which implies feasible (see [, Remark ()] for details). Further, one can extract data as follows:
Then Theorem . derives that PDEs (.) is global stochastic exponential robust stability in the mean square with a large allowable variation range of time delay [, ].
Remark . To the best of our knowledge, it is the first attempt to investigate the robust stability of T-S fuzzy Markovian jumping Itô-type stochastic dynamic equations with pLaplace and probabilistic time-varying delays (see [, , , -]). Example . shows the effectiveness of the proposed methods due to the large allowable variation range of time delay. 
